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was signed. Hay Sliorc? liatl been equippd, hiit never 
operated. IIn1if:tx :ind C)hnt,ham were siipplicd nt  this 
time with ecpipnient for pilot-hilloon work, a.ud five 
complete outiits for France were on the wliarf nwnit.ing 
transportn tion. 

I n  addit.ion to the Air S1.a tiniis ab0-i-e nnmed, Rruns- 
wick, Ga., anit 1Iax:Ipton Rcitiils, Va.? have since heen 
put  on nn opera.t.ing basis. 12oclitiw-ny Bench, Long 
Island, N. T., has nlsn been equipped. Sweral of our 
stsations are now regii1s.rl-y cooperii t , iw with the Weather 
Bureau, sending in cl:i.ily reports oP conclit,ions in tlie 
u per air i ~ d  receiving ragulsr forecasts. At nearly all 
t f le pnt.ro1 and flying stxtioiis, commanding nnd flight 

oRcc.lls are kept illformed constantly of the force and 
cIir~~ctio11 of t.lio wild at, flying levels and of tlie weather 
t,o he espect.ed during practice hours.' 

For more than a year the Observatory has been work- 
ing t.o secure a suitable recording instrument for measur- 
ing meteorologicnl condit,ions in the upper air while 
carried by a senplsne in flight.. Two fornis of instru- 
1ncnt.s for this purpose a.re now nearing completion. 
Their perfection will complete tlie instrumental outfit for 
Nnvd Aemgrapliy. 

- 
I Bee map p. 2119 for location or the nnvnl aerological stations. 

METEOROLOGY M THE NAVAL AVIATION SERVICE OVERSEAS. 

RITY H. FINCH, U. 8. N. R. F. 

[P,alcdd: Il'rathrr Burom, Washington, Felt. 14,1919.J 

Aside from l-)oml)ing a few mrt.s held by the Ccnt.r:il 
Powem iuici some crinvoyiiig o/ ships, tlie worlr of iinvii.1 
avin t,inn w:.ss primarily 1iuiit.ing submarincm Hrncc forr- 
casts snd diita were mninlp for use over tlie oc~wi .  

Fowc.a.st.ing for the cv:iat:il w:it.c:is ot nortliw\s t ern 
Eurow pri.sent.cd 11i:Liiy diIiicultics. es >ecinlly t.1, thoqe 
wlin t i h  becn accust,cmiecl to ~in-i-ing a I woatl ospnnse of 
laiid t o  t.lic west from wliicii rc!port.s :ire reccivetl showing 
t,he nicw or less regular progress of IIIGIIY nud L(.)W-Y. 
There, t,!m, one hnd to d t r n l  with N series o€ r,o~..s wit,li 
only occ.asio:i:tlly tin int,ervc.niiig trsveling HIGIT. The 
IIIGIIR that meet ccmiiioiily nffcct t,he west.rrn coast of 
I<urop--occanic condit.irms--are the slowly shifting, 
sometimes st~atiomiq- ones either of continentmill origin or 
from tlie Bzores r e p n .  The first, iiit.in~~tt,ion of the ti,p 
pro:-i(*il of a st.orni t.o iiortlirwsterii Europe in the tit-rscllce 
of wirdws rep0rt.s from t h  Atlantic is fr(.~ni the clTt.cts duc 
t,o t!!? storm it.scU--tlie format,ion of cirrus and ot.livr 
chnr.i:cberist.ic cloutls, t,he fnlling of the barometer, aiirl 
t.lie Imcking of tlie wind t i t  the westernmnsts stnt,ions. 
This hi tt,pr oftZen seems to nntkipzxte it fall  of the haroni- 
ctei'. biit i t  is st,ill ti moot,ctl qccst.iuii w l d i c r  the bncltin;: 
of I..!!e wind precldes or iicronipiiies t,he clinnge froni 
stiitionnry, or rkIJAg, to f?lling tJ:!I'c)illC!hX. 

At m m g  of the Ainerican stntions i t  was inipossiblo 
to  get the British forecast, or a.ny reports? in tiiiie to 
help in nia!iing tlie morning forecast; and one hiid to 
he auiilccl by local coiiditioiis ancl by old reports. The 
h a c h i g  of the wind and fall of talle 1)aroniebcr w(.~ul~l 
lierdrl tlie a. >l~ron.rli of a storin: Init, of eoi~rse, only IL 
short time 1 ,@fore the . onset. Clouds, l~owmer, ave 
more wclvance informttt,ion of t,lw coining L o w .  ~ L i g  
the west.ern. const of France and over the Brit,isli Isles 
t!ic wind circuln.t,ion nenrly nppro:i.clies the ideal circu- 
lation found in well-defined stornis over the O C C ~ .  
Most of tl:e inctcoroln*ird luibs were sbationed dong 
or nenr t!io coiL+, ~ s ~ 1 i d ~ ~  near the 1,zncling places of the 
sezi.p!nnes, mid ' were excellen tly sit,uat,eil for. cloucl 
ohserrn.tions. By not,ing tlie ap~~enrance nncl direct.ion 
of cloutls of the cirrus level, and the time in t.c?rr:d before 
the developing of alt.o-t.;\rl)cs, one co&l get a good idea 
of the .iu teiisit,y n.nd dist,ance away of coming st.oriiis. 
By noting cleprtnres froiii espec td  w i d  direction and 
cloud morcments, a.nd assigning a reason for sucli 
dej)nrtures, one could oft,en 1oc.n te secondary clepres- 
sions, evoa when t h y  mere passing to the south of the 
observer. Whcn low cloutls preven t.ed good c.l.oucl 
observations one l i d  to bc guided by the wind clirec- 
t,ion and the haronieter. I n  iiiany cases elu1)orctt.e cloucl 
obseivat,ions wxe uiinecessnrj-, for short-range fore- 
casts-6, 12, and 26 hours-were d l  that. were desired. 

Sgno >t.ic chnrt,s were h w n ,  iind, tlinugh iisutilly too 
late t,o b P, used in making morning foracnst,s, they ga.ve 
n good check on the interpretatmion from local conditions, 
tiud nicled one in studying the cnuses and effects of 
weat,!ier hnp )eniiigs. 'In ccses where synoptic charts 

in conjunct.ion with locnl coiidit~ions. Land-and-sea- 
l ~ ~ x c ?  coiditioiis occasionztlly nfforclocl easy forecasting 
of wind ve1ocit.y a?id direction.' 

a.iid direction from 
the suiface up to 2,CJOO or 3,000 Zct ,  weather (rn.in or 
f i k ) ,  height of clouds if low, and visildity. At stations 
whore dirigibles were used forecasts had to he more 
c1olinit.e ancl a closer wat.ch kept of the weather than a t  
sc~aplr~ne st.at.ions. 

l'isi?dity is of prime iiiiportimce in liun t.ing sub- 
marines from tieropltinos. A haze that would perinit 
of fn.ir tlis~~erniiieiit of large objects would complete1 
ohscure a perisrop or a suhnirtrine slightly subniergecl 
The forccust, of visibility was for the distance in iniles 
a t  which select.ed object,s could be clearly seen. Colored 
glnsscs for observing through haze mere used with 
soim s u c c e ~ .  Rg noting the causes of poor visibility, 
uiiil by correlnth!g visibility n t, sei1 wit,li the visibility 
amcl general conclit.ions iietw the nieterological hut, one 
could mike good forecasts of the visibilit,y seaward. 
AMiougli a qualified ohserver, i t  was iiiniiily for visi- 
hilit,y correltit,ions t h t  the writ,er wen t, up (in ti patrol 
a s  observer. 

Tile British forecast>s always inclucled the gradient 
relocit,y, wliich 'wns a.ssumed to obtain a t  1,500 feet. 
The British drlmirslty, however, were inclined to take 
2,000 feet tis the average level at w1iic.h the gradient 
velocity is renc!ied. The current grtxtlicn t velocity 
wiw ohtniiied from t.lit? w'eatlier niap by means of trans- 
pa.rents scdes similar t.o those dmwn in figure 1. They 
were cnlculiltecl for the latitutle of the British Isles for 
use on the daily weat!ier reports (scale 1/8O,OOO,OOO) with 
i d m s  drinvn for every 5 millibars. Sererd radii of 
ciirvn turo for both cyclones and anticyclones are usually 
given, and one or two t.riaIs will usually s!io\v the curve 
nearest the required isobar. Then, by not,icin where 

rend off. Froni theore t icd consideratioils of t,he decrease 
of densit,y and the pressure gradient with increase of 
elcriitioii t,ithles hare been computed giving velylties 
for dl elenit ions up to ~0 ,000  feet correspondin to 

used ani1 tire of doubtful accuracy. 

were svniltth I e ili making forectists they were used only 

Forecasts inchded wind velocjt. 

the nest  isobnr crosses the scale, the wind ve H o d y  is 

gradient ve!ocit.ies at. the surface. They were but k ittle 

1 See discussion of forecasting in western Norwsy: MONTHLY WFATEEB REVIEW 
Feb., 1919,47: 90-95 
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FIG. 1.-Gradient velocity scales, for use on British daily weather report charts (scale 1/2O,OOO,OOO). Velocities in meters per second. 

FIG. Z.-Meteorological hut, U. 8. Naval Air Station at Wexford, Ireland. 
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Wind vdocitp and direction aloft were obtained by 
nieaiis of pilot bdloons, and all st,at,ions were supplied 

a few niiles an hour. 
csndle 1nnt.erii was tied to the ba l l~oi i .~  

\vit.li equipments for making pilot-balloon ascents. The n:i t n  from the pilot-hdoon ascents as we11 as from 
hullolis were inflated to ive a rise of 400 or 500 feet pcr surface instninient,s were userl in plot.ting ded-reckon- 
minute, according to t f e size of balloon used. This irig courses. for sey)lnne patrol. The wii?d direction 
ra.te of rise facilitated rapid calculation; iind by tho wtis giren in degrccs to facilit,abe, comput.iiig the drift 
single-t1ieodolit.e iiietJiod, with the theodolit,e near tl;c nnglcb, as most. pii.t.ro!s cnnsist.etl of nin.ny COUI‘P~S. Sur- 
officel two nien could take the data, iiiake the hori- fncr-wind rli1.t.n were ohtnined from bke Dims anemograph, 
zon tal projection of the balloon p i th ,  and within 0110 which g i n s  inst,nnt,nneous wind dircction aut1 veloc.it,v. 
niinut>e froin the time the balloon was lost, coiiiplct,t? In cnse t.hc 011 t,lonk was unfarornhle for n (lawn pa.t,rol 
the t.al,ulatsion of the wilid veloc.it,y and c1irect.inn for upon t,l:e ntlvice of t.hr st.at.ion n:eteorologicnl officer 
nl l  lcrels reached. A check on the r2it.e of rise \v:l.s t.he pIan(!s uwcz not, biiken out. of the hangars; and if 
sollietimes macle by the t.nro-theodolite method. It c!:ingc?rniis winds were rspect,ctl w71!en plnnns were oil t 
showed that! a ballooii with the 500-foot rate varies frolii i t  wis the duty of thc. metoorolu~icnl offiwr t.0 see t h t  
435 to 600 feet per minute, though usually it is not w r y  t,l!yr were recalled. 
far from 500 feet. Such a departure from the assuiiierl .L tie type of niet.eorologicii1 liut, used’ in Brit.ish n.nd 
ra1.e woulcl cause a lar e ercentage of error, hut. for American :iir st,iit.ions is sltown in the nccoiiipiinyiug 
mlocit.ies most suit,ahle or ying it would mean R I ~  error phot.ograpli (fig. 2 ) .  

I n  inakinp niglit ascents 

I See pp. 221. ahovc. 

P A  
. BLUE HILL METHODS OF “PILOT BALLOONING.”’ 

By IVOR MALL, Eiisign, I:. P. N. R. F. 

[Dat.ed: Blue Hill Ohsermtnry. lieadvill-, 1Iw.. March, liJ19.1 

Pilot balloons tire used to determine wind velocity and 
direction a t  various altitudes. To acconiplish this, the t,ioii: 
balloon is released and its succeaske positions a t  i n t e n d s  
of oiic minute are observed through a theodolite. Thc 
verticnl, or Rltitucle, angle, ancl the. azimlitli, or liorizo11- With A n  dt~tc~rminrcl \VT~ concert it into ternis of VC~OC- 
tal, mgle are noted a t  each of these minute intci-vnls. ity RS explained above. 
From t11ew (lata, and ~1 a,ssunied constant, rate of asccllt, The ~ I ~ W X Y  dewription S ~ O W S  d 1 f l . t  hits h a p p e ~ ~ d  in tnh 
tile relocit,ics and (IirCctioIIs a t  differelit levels arc cnl- \7(~tic-!al pl~11e. If the u-inil direction wwc constant. this 
cula tcd . rmsoning \voulil he sufficient8, hut as this is nnt true 

ittn, n i i~ies  llse of simple goonletric: another coiiilition is introtlucetl t,he cs!danat.ion of which 
and trigonometric. 1wincipItr.s. 111 order to make. tbt? olwr- fdlows. 

halloon. 
a.s it, moves away. 
the hallooii is bring doflcctd to our right,. 

To find AB we ham ths following t,rigonomct~ric rcla- 

l3C cot O=-4B. 

~ l l e  sollltioll of the 

ation niorc yivic1, I t  is well1 to coliaelltrate the ~ ~ t t ~ n t , i o l ~  Let US 60 1)nv.k to the point u-linrc. wc rrhtscttl the 
Wr? ohserve it,s niomnwiit a t  minut>e intsrvala 

Xftm a fcw niinutcs we notioe that. 
This would 

A 
Fin. l.-A represents the pniiit at which we arestartdlnE and what wc,shsll call thr hsw: 
I? is t.he pnsition o1 tho bulloon: B is a point projected v8rtically below (’; 0 is the 
recorded vertical angle. 

on tho rocedure-and try to \*isualize what happens wlien 
the bal P oon is released, and then to determine the X-R~UC 
of the rocordocl dtittl. 

Let us s t m d  with our backs to the wind and with n 
properlv inflated balloon a t  hand. We will assume that 
the balloon whefi released will have a constant) rate of 
ascent- (150 m.inlin.). we! rel@nSo the balloon and it s h r t s  
to rive ,aIld is cmried out miti from us by the for,.(! 
of the wind. At the end of one minute ure observe its 
position with the theodolite. According to our assump- 
tioIl it,s heigIlt is 150 meters. Tert,ic.ill 
anale. is represent,ed in figure 1.  i i ~  rePresents 
til; horizolltal clistsllce repl,cct to the 

If we (livicle t,llt? 
distance AB by 60, ,ve obtain wind ye~o,,ity ill nletc,rs 
per second (ni./s.). 

i i  s 

FIG. T--R is thP base: A and h are surcrssise pnsitioiis or the 1,nllnrni 31. any interval; 
A‘=azimu(li of pnsilinn A :  .\“=azimuth of psitioil 1: O’=di;rrrmco in azimuth; 
@-awslo het,wecn line of sight 01 I l e m S t .  pnsitinn of hallocm and tile line of travel of 
thebdhm.  

we lnarl us to trlie connlneioii that the wind nt tlw hi$nr 
l ~ e l s  is from our left rear. In ot,lier words, the iviiul 
direction is changing as we go aloft. This nwiat,ion is 
nicaasured hy noting the change of the horizonhl angle, or 
a.zimut11. 9 movement takes place laterally wit.11 respect 
to the horizoiitnl pl~iie,  which is rcprcsonted in figuro 2 .  
The line A 0  re )resents the true hdloon travd, hence its 
velocity. As b e  balloon lias been blown from A to 0, i t  

balloon Ilas t,raveled in olle minubm 

. 
8 PUblishcd by permission oI the Secretary of the Nary. 


